INTRODUCTION
Non-response refers to the situation, when an investigator fails to get necessary information from some of the units of the selected sample. The problem of non-response was first analyzed by Hansen and Hurwitz [1] . They developed a classical non-response concept to obtain information from the sub-sample of non-response group. An estimator for the population mean in the presence of non-response was constructed and also derived its variance with the optimum sampling fraction for the non-respondents. It is suitable for the surveys, in which first attempt is made on mail questionnaires and second attempt is selected from the non-respondent persons by personnel interviews. Following Hansen-Hurwitz methodology Cochran [2] proposed ratio type estimator for dealing with non-response. Chaudhary et al. [3] , Haq and Shabbir [4] and Sanaullah et al. [5] presented some improved estimators for stratified random sampling under non-response.
In order to improve the efficiency of an estimator, auxiliary information is often used to estimate the unknown population mean of study variable. Cochran [6] discussed classical ratio estimators. Further, Cochran [2] , Kadilar and Cingi [7] , Shabbir and Gupta [8] , Koyuncu and Kadilar [9] , Sanaullah et al. [10] and Sanaullah et al. [11] utilized auxiliary information under stratified random sampling scheme.
SAMPLING DESIGN AND PROCEDURE DEALING WITH NON-RESPONSE
Consider a finite population of size N is stratified into L homogenous strata. Let N h be the size of hth stratum (h=1,2,3,..., L) such that L ∑ h=1 N h = N and (y hi , x hi , z hi ) be the observations of study variable y and auxiliary variables x and z on the ith unit of hth stratum, respectively.
Let y h , x h and z h be the sample means of hth stratum corresponding to the population means Y h , X h and Z h respectively. Usually it is not possible to collect complete information from all the units selected in the sample n h (
, n h , =, n ) . Let n h (1) units from a sample of nh provide their responses and n h (2) units do not. Adapting Hansen and Hurwitz [1] sub-sampling methodology, a sub-sample of size r h (r h = n h (2) f h ; fh>1) from n h (2) non-respondents group is selected at random and 1/fh denotes the sampling fraction among the non-respondent group in the hth stratum. In practice, r h is usually not integer and has to be rounded. In accordance with most of the current literature on the topic, let us assume that the followed-up r h (⊂ n h (2) ) units respond on the second call. Moreover, let Uh denote a dummy variable which takes value uhi on the ith population unit of stratum h and has mean U h . Hereafter, U h may stand for Yh; Xh or for a second auxiliary variable Zh. Let;
where u (1)n h(1) is mean of n h(1) respondents on first call and u (2)r h is mean of r h units respond on the second call, and u * h denotes the unbiased Hansen-Hurwitz [1] of U h for stratum h.
A modified Hansen and Hurwitz [1] unbiased estimator for stratified sampling may be given as,
The variance of t₁ is,
where
are the mean square error of the entire group and the non-response group of the study variable with
The modified form of ratio and product estimators from stratified random sampling under non-response defined by Cochran [2] may be written as:
where y * st and x * st are Hansen-Hurwitz [1] estimators modified to the stratified sampling for population means X and Y respectively. The MSE of the estimators t₂ and t₃ are given respectively as
and
Chaudhary et al. [3] presented ratio estimator for stratified sampling when non-response is present only on study variable as,
The MSE of t₃ is
The MSE(t₅) is minimum for
The aim of this paper is to propose a more generalized class of estimators for estimating population mean considering the non-response in stratified random sampling using two auxiliary variables. Also the purpose is to introduce another improved form of proposed generalised estimator. Another purpose is to determine the optimum size of the sample and the sub-sampling fractions of the non-respondent group for the fixed cost.
PROPOSED GENERALIZED CLASS OF ESTIMATORS
In this section, following Koyuncu and Kadilar [12] we proposed a generalized class of estimators for estimating a finite population mean in stratified random sampling considering the presence of non-response using two auxiliary variables as,
where the constants & a z (≠ 0), and b x & b z are either real numbers or the functions of the auxiliary variable, in form of coefficient of variations, standard deviations, correlation coefficients, skewness or kurtosis from the population, whereas g x and g z are known constants take the value (0, 1, −1) to produce respectively unbiased estimator, different families of ratio-cum-ratio and families of product-cumproduct type estimators, and x and z are the constants to be determined such that MSE of the proposed estimator t a is minimum. Taking different values of the constants we may obtain many families of ratio-cum-ratio and families of product-cum-product estimators such as some examples are presented in Table 1 .
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Family of ratio-cum-ratio
Family of product-cum-product
Bias and MSE of Proposed Generalized Class of Estimator
To obtain the bias and MSE, we consider
On rewriting we may get Eq. (11) as
We assume that | x x e * 1 | < 1 and | z z e * 2 | < 1, so that we may expand the series,
It is assumed that the contribution of terms involving powers in e * 0 , e * 1 and e * 2 higher than two is negligible. We have,
Taking expectation of Eq. (15), we will get the bias as,
we take square of Eq. (15) and retain terms up to the order n−1 then we take expectation to get the MSE of the estimator ta as,
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Minimization of Eq. (17) with respect to x and z yields the optimum values as
Using the Eq. (18), the expression of minimum MSE may be obtained as
For generalized family of ratio-cum-ratio estimators presented in Table 1 , we can give the MSE expression in Eq. (17) as,
and for generalized family of product-cum-product estimators, the MSE expression can be given as,
Where 
ANOTHER PROPOSED GENERALIZED ESTIMATORS
In this section, we have shown another improved and generalized form for the estimator ta proposed in Section 3. The proposed estimator ts for estimating population mean is given as,
or may also be consider as,
We assume that | x x e * 
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It is assumed that the contribution of terms involving powers ine * 0 ,e * 1 and e * 2 higher than two is negligible. We have,
The bias and MSE expressions of ts may be given respectively as,
We differentiate Eq. (25) w.r.t˜, and equate it to zero, we get
On substitution the optimum value of as given in Eq. (26), in the result Eq. (25), the min MSE of the proposed estimator ts is obtained as,
We can think many more improved estimators taking different values of the constants in Eq. (20), such as some example are given in Table 2 .
The MSE of the ratio-cum-ratio and product-cum-product estimators given in Table 2 can be given using Eq. (27) as, 
Family of ratio-cum-ratio g =g =1
Family of product-cum-product a ,b ,a ,b 
MATHEMATICAL COMPARISON
In this section, the MSE of the suggested family of estimator has been compared with the mean estimator, stratified ratio estimator and the class of estimators. Let us consider following notations as:
The efficiency conditions may be written as:
i.
iii.
v.
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(36)
COST FUNCTION AND SAMPLE SIZE ESTIMATION
Let us assume a linear cost function, the total cost of the sample survey could be written as
where ch₀ denotes the per unit cost of making first attempt, ch₁ denotes per unit cost for processing the result of all characteristics in first attempt and chh denotes the per unit cost for processing the result of all characteristics in second attempt in the hth stratum.
The total expected cost of the survey could be given as
Cost Function for Estimator t a
Let us consider the function for estimator ta
Let
So we can write Eq. (39) as
Where is lagrangian multiplier. On differentiating Eq. (41) we can get the values of nh, rh, and as,
Also
Subsituting from Eqs. (44) to (42), we have
Similarly, substitute the value of from Eqs. (44) to (43) we have
EMPIRICAL STUDY
In order to see the performance of the suggested family of estimators as compare to class of estimators under stratified random sampling. The statistics of the two stratified populations have been given in Table 3 . Neyman allocation has been used in order to allocate sample sizes to different strata in the two populations separately as:
From Table 3 , we observe a positive correlation among study variable and the auxiliary variable in order to use ratio estimators for estimating population mean. The comparison of the proposed estimators have been made with respect to Hansen-Hurwtiz [1] and ratio estimators modified for stratified sampling. The information for the two stratified populations is given in Table 3 .
The MSE values of the proposed class of estimators are computed in Table 4 two different data sets. The percent relative efficiencies of the estimators are given in Table 5 . Efficiency of each estimator has been tested by increasing the non-response rate from 10% to 30% each with three different values of fh (2, 2.5&3). From Table 4 it is observed that MSE's of the estimators are increased if non-response increases from 10% to 30% however from Table 5 it is noticed that PRE of the proposed estimator is also increased if non-response increases from 10% to 30% which shows that the proposed estimators ta, and ts as compare to the existing estimators (t₁ and t₂) can perform more efficiently even at higher non-response rate. If we compare proposed estimators ta and ts with each other, we observe that MSE values of the proposed estimators ts are smaller than the MSE values of proposed estimator ta at each non-response rate. If we compare the two proposed estimators ta and ts on basis their PRE values, the conclusion can be drawn that ts is an improved form of ta.
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CONCLUSION
From the results of the numerical study, we infer that both the proposed estimators using auxiliary information perform more efficiently (with substantial gain in precision) than t₁ and t₂. Hence proposed estimators are recommended for their practical use.
